The metabolic syndrome mostly represented by obesity and hyperinsulinaemia connected with insulin resistance, presents the main mechanism in the pathogenesis of cardiovascular disease. The aim of this study was to analyze the interrelations between several metabolic variables (including leptin) and factors related to insulin resistance in groups of both normal and non-diabetic hyperlipemic postmenopausal women and men of appropriate age, and to attempt to elucidate the gender differences. Two groups of patients (20 men, 20 women) with hypertriglyceridemia were compared with 30 individuals (10 men, 20 women) with normal serum triacylglycerols. Fasting serum leptin concentration, lipid parameters (triacylglycerols, HDL cholesterol, LDL cholesterol) and BMI were measured and compared with changes in insulin parameters influencing insulin resistance (HOMA IR, insulin, intact proinsulin, C-peptide). Statistical analysis was performed using SAS/STAT software including unpaired Student's t-test, Kolmogorov-Smirnov's test, Spearman's rank-order correlation and multiple regression analysis. In men, the insulin sensitivity correlates with leptin only. In women insulin sensitivity is markedly influenced by a complex of factors: leptin and lipid parameters. Increased insulin resistance in men is followed mainly by the increased correlations between leptin, HOMA IR and insulin parameters. In women correlations between leptin, HOMA IR and insulin parameters were smaller, but the inverse correlation with HDL cholesterol was stronger. In postmenopausal women and also in men, serum leptin concentration contributes to insulin resistance. However in women the effect of increase in serum triacylglycerols in contribution of insulin resistance seems to be more dominant.
INTRODUCTION
The metabolic syndrome (Reaven's syndrome) mostly represented by obesity and hyperinsulinaemia connected with insulin resistance, presents the main mechanism in the pathogenesis of cardiovascular disease. The prevalence of this metabolic disorder constantly increases in connection with the pandemia of obesity and insulin resistance. Noted components appear in younger individuals even in children 24, 30 . More than every third adult human suffers from this syndrome. Single factors of the metabolic syndrome hang together and influence each other. Therefore the effect does not add up, but instead multiplies and increases the risk of cardiovascular morbidity and mortality 13, 18, 24, 25 . Traditionally, adipose tissue was considered as a passive reservoir of energy in the form of triacylglycerol stores and as a place for the conversion of androgens to estrogens. In recent years, a number of papers have stated, that adipocytes produce many hormones and adipocytokines such leptin, TNFα, resistin, adiponectin, adipsin etc. These influence energy homeostasis, balance of fat stores and make possible adaptation of the organism to various situations (starvation, stress, infection and period of increased energy demand) 9, 21 . Leptin discovered in 1994 is a multiple-function cytokine involved in the regulation of food intake, energy metabolism and sacharide and lipid metabolism. Impaired regulation of food intake in consequence of leptin resistance is presented in connection with the aetiopathogenesis of obesity and insulin resistance, but its role in development of these diseases is not still clear.
AIMS
The aim of this study was to estimate serum leptin concentration in groups of both normal and non-diabetic hyperlipemic postmenopausal women and men of appropriate age, to analyze the interrelations between several metabolic variables (including leptin) and factors related to insulin resistance and to attempt to elucidate the gender differences.
MATERIAL AND METHODS

1) Persons in the study
The study was carried out on 70 persons at the Metabolic Centre of the Hospital in Šternberk, Czech Republic.
Biomed. Papers 149 (1) , 119-126 (2005) From these, 40 patients (20 men and 20 women) with typical dyslipidemia were selected. 20 men with plasma triacylglycerol concentrations exceeding 1.5 mmol/l and with HDL cholesterol concentration under 1.1 mmol/l were denominated as test group. The test group of postmenopausal women consisted of 20 individuals with plasma triacylglycerol concentrations exceeding 1.7 mmol/l and with HDL cholesterol concentration under 1.4 mmol/l. The average age of male was 58.5 ± 10.4 y, and of female 59.9 ± 13.0 y, respectively. These criteria are typical for the early stage of the metabolic syndrome. No subject had serious complications. Two other groups (10 men and 20 women) with approximately normal serum values of these variables were taken as controls. The average age for male was 60.3 ± 11.0 y, and for female 59.9 ± 13.0 y, respectively. None of the persons in either control or test groups had clinically apparent diabetes mellitus, but some of the hyperlipidemic patients showed impaired glucose tolerance (6.1-7.0 mmol/l) or impaired fasting glucose (6.1-7.8 mmol/l). All hyperlipidemic patients were treated with antihyperlipidemic drugs, especially fibrates. Some of these patients were treated with antihypertensive therapy. No signs of major clinical or laboratory symptoms of other diseases were present in any group. Blood samples were obtained in the morning by a venous puncture after overnight fasting. After clotting the serum was separated and stored at -20° until used. Informed consent was obtained from all probands.
2) Biochemical methods
Serum leptin concentrations were measured by a sandwich ELISA test kit (Human Leptin ELISA, BioVendor Laboratory Medicine, Inc, Czech Republic). Its sensitivity limit was 0.2 ng/ml, intraassay CV 6.1 % at the level of 7.5 ng/m, inter-assay CV 8.5 % at the level of 4.8 ng/ml. Tetramethylbenzidine was used as a substrate; quality controls were human based. Several other hormones and peptides were estimated by routine immunochemical tests: insulin, C-peptide (IMMULITE, Diagnostic Products Corporation, Los Angeles, CA, U.S.A.), proinsulin intact (DAKO, Denmark). Serum concentration of glucose, total cholesterol, triacylglycerols, HDL-cholesterol, LDL-cholesterol and uric acid were measured on ILAB-600 biochemical analysator (Instrumentation Laboratory, Lexington, Ma, U.S.A.) using BioVendor sets. All samples were processed and examined according to the principles of good laboratory practice and under permanent intralaboratory and external quality control.
3) Indexes a) Body mass index (BMI) = body mass (kg) /height (m) b) The homeostatic index of insulin resistance (HOMA IR) was calculated according to the homeostasis model of assessment 10, 17 as follows: fasting insulin (µU/ml). fasting glukose (mmol/l) / 22.5
4) Statistics
Statistical analysis was performed using the Version 6 SAS/STAT software (SAS Institute, Inc., Cary, NC, U.S.A.). The statistical significance of differences between the means in the test and control groups were evaluated using the unpaired Student's t-tests in the case of normal distribution of data sets, and using the KolmogorovSmirnov's test when at least in one of the data sets the normal distribution was excluded. Spearman's rank-order correlation was used for correlation analysis. p < 0.05 was considered to be statistical significance. Multiple regression analysis was performed using parameters typical for insulin resistance (HOMA IR, intact proinsulin and C-peptide) as dependent variables, and other metabolic factors (lipid parameters, BMI and leptin) as independent variables. The so called step-down regression model was used to select dominant independent variables. Various four-member groups of independent (explanatory) variables were used for the analysis and the non-zero intercept was taken into account. The independent variables were then dropped, one at a time: at each stage one variable making the least contribution to the dependent variable (i.e. that showed the least p-value in the test of the regression coefficient being zero) was excluded. The coefficient of determination R 2 that can be viewed as a percentage explaining the total variance was simultaneously monitored. A great drop of R 2 after excluding some independent variable enabled to select those independent variables that could be thought to be the most important determinants of the dependent variable. Table 1A and 1B demonstrate evaluation of the differences between mean parameters in control and test groups of men and women, respectively. Big differences between test and control groups in HOMA IR, serum concentrations of uric acid, triacylglycerols and HDL cholesterol were found. The average concentration of leptin in test group of men is twice high and statistic significant as compared with control group of men. In case of women the situation is similar; however, the results are rather different: Changes in concentrations of insulin and lipid parameters were found, however without any significant increase in leptin, C-peptide and uric acid.
RESULTS
In Table 2A and 2B the results of Spearman's correlations between parameters of insulin resistance, various metabolic parameters and leptin are presented. In both groups of men (see Table 2A and 2B), positive significant correlations between leptin, HOMA IR and insulin, between serum triacylglycerols and intact proinsulin were found. According to the correlation analysis the increase in insulin resistance in men is followed mainly by increase in correlations between leptin, HOMA IR and insulin parameters typical for insulin resistance (insulin, proinsulin and mainly C-peptide).
In Table 3A and 3B the results of Spearman's correlations between similar parameters in both groups of women are presented. In the control group (see Table  3A ) we found positive correlations between leptin, insulin and HOMA IR as well as in men. On the other hand lep-Serum leptin in the development of insulin resistance and other disorders in the metabolic syndrome tin positively correlated with proinsulin, C-peptide, LDL cholesterol and negatively with HDL cholesterol. We also found significant positive correlation between LDL cholesterol, insulin and proinsulin and negative correlations between HDL cholesterol, insulin and HOMA IR. In women without signs of increased insulin resistance the sensitivity of insulin is markedly influenced with a complex of factors: leptin and lipid parameters (LDL cholesterol and decreased HDL cholesterol). However in men, the sensitivity of insulin correlates only with leptin.
In the test group of women (see Table 3B ), Spearman's correlations between leptin, HOMA IR and insulin parameters were smaller. Inverse correlations between HDL cholesterol and these parameters increased. Table 4A , 4B and 4C show results of multiple regression analysis, when data from both control and test groups of men were judged together. HOMA IR is mostly influenced by concentration of serum leptin. Serum proinsulin is mostly influenced by decreased HDL cholesterol together with increase in BMI. The chosen constellation of independent variables mostly influences the concentration of serum C-peptide. Leptin especially plays a dominant role together with serum triacylglycerols. The statistical significance of differences between the means in the test and the control groups were evaluated using the unpaired Student's t-test in the case of normal distribution of data sets, and using the Kolmogorov-Smirnov's (KS) test when at least in one of the data sets the normal distribution was excluded (p < 0.05). Table 5A , 5B and 5C show the results of multiple regression analysis, when data from both control and test groups of women were judged together. In the case of HOMA IR high significant values of R 2 were achieved in combination of these independent variables. Serum triacylglycerols play a dominant role together with the serum leptin. Serum proinsulin is mostly determined by the concentration of serum triacylglycerols together with the decreased HDL cholesterol. Serum C-peptide is mostly influenced by the concentration of the serum triacylglycerols together with leptin.
These correlations demonstrate some physiological mechanisms, which participate in regulation of insulin sensitivity, however some differences in men and women respectively. We have decided to investigate these differences in pathogenesis of insulin resistance between men and women by multiple regression analysis using parameters typical for insulin resistance (HOMA IR, intact proinsulin and C-peptide) as dependent variables, and metabolic factors involving leptin, lipid parameters and BMI as independent variables. Data from both control and test groups of each gender were judged together.
DISCUSSION
Insulin resistance and changes in lipid parameters are typical for early signs of the metabolic syndrome. Hypertriacylglycerolaemia together with decreased of HDL cholesterol were pivotal criteria in the selection of the groups. We were compared the results of control probands with the results of hyperlipidemic persons in test groups. All parameters related to insulin resistance (plasma concentration of glucose, insulin, proinsulin, Cpeptide, triacylglycerols, HDL cholesterol, uric acid) were typically changed in the test group of men. Furthermore, the concentrations of LDL cholesterol and total cholesterol are increased too (see Table 1 ).
The results from the test group of women are rather different. We found no increase in uric acid, C-peptide in serum. However, other parameters are typical for manifestations of the metabolic syndrome: significant increase in fasting glycaemia, triacylglycerols, fasting insulin and proinsulin, together with increases in total cholesterol, LDL cholesterol and decrease in HDL cholesterol.
A significant increase in BMI only in the test group of men was presented. However the increase in absolute values of BMI is not so pronounced (from 25.9 to 28.5) and it ranges in the overweight category but not in obesity. The values of BMI in both groups of women are in Serum leptin in the development of insulin resistance and other disorders in the metabolic syndrome the overweight category too (about [25] [26] . We conclude that these gender differences of BMI are not substantial; however these could influence some parameters such as adiposity.
In compliance with other studies the serum leptin concentration in the control group of women is fivefold higher as compared with men. In the test group of women more than fivefold concentration of leptin does not increase without any connection with the changes in BMI. In the test group of men the serum leptin concentration is significantly higher as compared with controls. We could assign these changes to the differences in the raise of BMI in men, but absolute differences in BMI are so small.
The serum leptin concentration significantly correlates with HOMA IR which reflects the degree of insulin resistance and with the concentration of serum insulin in both control and test groups of men and women respectively. We can place our results along the large group of studies, which declare an important role of leptin in pathogenesis of insulin resistance 1, 2, 4, 6, 8, 11, 15, 20, 28, 29, 31 . Although the concentration of serum leptin in the control group of women is manifestly higher than in the control group of men, the average index of insulin resistance HOMA IR and the average concentration of serum insulin in both control groups are not very different. However, the correlation between leptin, HOMA IR and insulin is very important (p < 0.0001). Leptin takes part in the influence of insulin resistance, but in case of women it is necessary substantially higher concentrations of leptin as compared with men. In control group of women HOMA IR, concentrations of serum leptin and insulin significantly negatively correlate with HDL cholesterol and positively with LDL cholesterol as compared with men (see Table 2 and 3) . Leptin is also importantly correlated with C-peptide. In women without increased insulin resistance the sensitivity to insulin bears on a complex of factors including leptin, HDL and LDL cholesterol. In the case of men this sensitivity to insulin correlates only with leptin.
In women increased insulin resistance with manifestations of the metabolic syndrome leads to quantitative changes: the weakening of correlation between leptin, HOMA IR and insulin parameters and simultaneously the emphasis of the influence of HDL cholesterol on insulin parameters. In men the correlation between leptin, HOMA IR and especially between C-peptide is emphasised. Only one qualitative change was found in men and women, respectively: the correlation between leptin and BMI. In men another correlation was found: the correlation between BMI and C-peptide (see Table 2 and 3) .
Generally, the increase of insulin resistance in men is mostly followed by increase in correlations between leptin, HOMA IR and insulin parameters typical pro insulin re- Table 3A sistance (insulin, proinsulin, especially C-peptide). In the case of women with insulin resistance, these correlations are also expressed (especially correlation between leptin and C-peptide), but correlations between HDL cholesterol and these parameters are emphasised. Kennedy et al. 14 reports that serum leptin increases in proportion to progression of obesity. It correlates with BMI and with adiposity in both genders, especially in women. In every stage of obesity, the concentration of serum leptin was much higher in women than in men. Authors characterise this fact as "state of relative leptin resistance" in women corresponding with the different physiognomy of the genders. However, our results suggest that serum leptin concentrations in women can rise independently of the increase of BMI in connection with the increase of insulin resistance. Increased BMI in our test group of men was not so prominent for explanation of the great increase of serum leptin concentration.
On the other hand Clapham JC et al. 3 found, that serum leptin in middle age women correlated with BMI and adiposity especially in non obese women and correlated with the sensitivity of insulin neither in non obese women nor in obese individuals. Coullard C et al. 5 found substantially higher values of serum leptin in women and the correlation between leptin and body fat (determined by weighing under water and using CT) in both genders. Gender differences in serum leptin concentration were present even when comparing men and women with the same body fat mass. In both gender higher serum leptin concentrations were associated with higher fasting serum insulin. In contrast to men higher levels of serum leptin in women was independent of the total body fat mass. It is evident, that correlation between leptin and insulin resistance in women evidently need not be dependent on raising obesity in women.
The large population study 19 shows, that BMI is the most important determinant of serum leptin in women. This finding does not comply with our results. This study 19 also confirmed positive correlation between serum leptin and insulin and found relationships between serum leptin and triacylglycerols independent of gender, BMI, waist ratio and serum insulin. Hattori A et al. 12 found, T = 0 -p-value in the test of the regression coefficient being zero, R 2 -coefficient of determination, expressing the degree of influence of dependent variable by independent variables. Dominant and statistically important regression coefficients are designated. Serum leptin in the development of insulin resistance and other disorders in the metabolic syndrome that leptin correlated with HOMA IR and BMI in healthy and diabetic men, but in the same groups of women only with BMI. Correlations between HOMA IR and serum leptin were dependent on BMI. These findings do not correspond with our results. In another study highly significant correlations were found between body mass, body fat mass and serum leptin in middle-age men and pre-and postmenopausal women 23 . The main determinant of serum leptin and insulin concentrations is only body mass in men, body fat mass in premenopausal women and body mass in postmenopausal women. The authors do not define state of insulin resistance in case of their test persons; therefore comparison with our results is not possible.
Various proportion of body fat mass may explain the dependence of leptin on gender, age and race 16 . Leptin more correlates with proportion of body fat than with total body fat mass or with BMI 22 . In women leptin secretion from subcutaneous adipocytes in abdominal region is about three times higher than from intraabdominal (omental) adipose tissue. Subcutaneous adipocytes are the main source of serum leptin 27 .
In men and women with impaired glucose tolerance only correlations between level of obesity and serum leptin concentration were found 7, 26 . The authors conclude that gender and other differences in leptin concentration almost entirely bear on regional distributions of adipose tissue.
CONCLUSIONS
The significant role of serum leptin in determination of insulin resistance in both elderly men and postmenopausal women of equal age was confirmed. In men leptin is a dominant factor and together with the decrease in HDL cholesterol it can influence the degree of insulin resistance and together with the increase in serum triacylglycerols it can participate in release of insulin from endogenous pancreas. In postmenopausal women leptin also plays an important role in this process, but the effect of increase in serum triacylglycerols in contribution of insulin resistance seems to be more dominant. Further 
